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In the title compound, C32H32O4, the dihedral angle between 
the two benzene rings of the 2,4,6-trimethylbenzoyl groups is 
71.43 (7)°. The dihedral angles between the two benzene rings 
and the naphthalene ring system are 81.58 (5) and 84.92 (6)°. 
An intramolecular C— H- ■ O interaction is observed. 

Related literature 

For electrophilic aromatic substitution of naphthalene deriv- 
atives, see: Okamoto & Yonezawa (2009); Okamoto et al. 
(2011). For the structures of closely related compounds, see: 
Muto et at (2010, 2011a,6). 



Data collection 

Rigaku R-AXIS RAPID 
diffractometer 

Absorption correction: numerical 
(NUMABS; Higashi, 1999) 
r mi „ = 0.697, r m „ = 0.938 

Refinement 

R[F 2 > 2a(F 2 )] = 0.041 

wR(F 2 ) = 0.121 

5 = 1.09 

4657 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



45450 measured reflections 
4657 independent reflections 
4131 reflections with I > 2a(I) 
R<„, = 0.054 



334 parameters 

H-atom parameters constrained 
A/w = 0.26 e A~ 3 
Ap mi „ = -0.26 e A~ 3 



D-H-A 


D-H 


H-A 


D-A 


D-H- - A 


C29-H29C- ■ 02 


0.98 


2.33 


3.1669 (19) 


143 



Data collection: PROCESS-AUTO (Rigaku, 1998); cell refine- 
ment: PROCESS-AUTO; data reduction: CrystalStructure (Rigaku/ 
MSC, 2004); program(s) used to solve structure: SIR2004 (Burla et al, 
2005); program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: ORTEPHI (Burnett & Johnson, 1996); 
software used to prepare material for publication: SHELXL97 . 

The authors express their gratitude to Master Daichi Hiji- 
kata, Department of Organic and Polymer Materials Chem- 
istry, Graduate School, Tokyo University of Agriculture and 
Technology, and Professor Keiichi Noguchi, Instrumentation 
Analysis Center, Tokyo University of Agriculture and Tech- 
nology, for their technical advice. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: VM2138). 
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Experimental 

Crystal data 

C32H32O4 
M r = 480.58 
Monoclinic, Pl^/n 
a = 7.71685 (14) A 
b = 29.2344 (5) A 
c = 11.5567 (2) A 
P = 102.879 (1)° 




H 3 C 



V = 2541.57 (8) A* 
Z = A 

Cu Ka radiation 
fj. = 0.65 mm -1 
T = 193 K 

0.60 x 0.40 x 0.10 mm 
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[2,7-Dimethoxy-8-(2,4,6-trimethylbenzoyl)naphthalen-l-yl](2,4,6-trimethylphenyl)methanone 
T. Muto, K. Sasagawa, A. Okamoto, H. Oike and N. Yonezawa 

Comment 

In the course of our study on the electrophilic aromatic aroylation of 2,7-dimethoxynaphthalene, />er/-aroylnaphthalene 
compounds have proven to be formed regioselectively with the aid of suitable acidic mediators (Okamoto & Yonezawa, 
2009; Okamoto et al., 2011). Recently, we have reported the crystal structures of several 1,8-diaroylated naphthalene ana- 
logues exemplified by l,8-bis(4-methylbenzoyl)-2,7-dimethoxynaphthalene (Muto et al, 2010). The aroyl groups at the 
1,8-positions of the naphthalene rings in these compounds are connected in an almost perpendicular fashion. Besides, the 
crystal structures of 1 -monoaroylated naphthalene derivatives and the /^-isomers of 3-monoaroylated derivatives have also 
been clarified such as (2,7-dimethoxynaphthalen-l-yl)(2,4,6-trimethylphenyl)methanone (Muto et al., 2011a) and (3,6-di- 
methoxynaphthalen-2-yl)(2,4,6-trimethylphenyl)methanone (Muto et al, 2011&). 

As a part of our continuing study on the molecular structures of these homologous molecules, the crystal structure of title 
compound, /?er/-aroylnaphthalene bearing three methyl groups, is discussed in this article. 

The molecular structure of the title compound is displayed in Fig. 1. Two 2,4,6-trimethylphenyl groups are out of the 
plane of the naphthalene ring. The interplanar angle between the best planes of the two phenyl rings is 71.43 (7)°. On 
the other hand, the two interplanar angles between the best planes of the 2,4,6-trimethylphenyl rings and the naphthalene 
ring are 81.58 (5) and 84.92 (6)°, respectively. The torsion angles between the carbonyl groups and the naphthalene ring 
[C2— CI— Cll— 01 = -104.68 (15)°andC10— C9— C18— 02 = 52.5 (2)°] are comparable with those between the carbonyl 
groups and 2,4,6-trimethylphenyl groups [01— Cll— C12— C17 = -141.08 (14)° and 02— C 1 8— C 1 9— C24 = -127.49 
(14)°]. 

In addition, an intramolecular C — H-0 interaction between a methyl group and carbonyl group is observed 
(C29— H29c-02 = 2.33 A; Fig. 2 and Table 1). 

Experimental 

To a 10 ml flask, l,8-bis(2,4,6-trimethylbenzoyl)-2-hydroxy-7-methoxynaphthalene (0.20 mmol, 0.093 g), dimethyl sulfate 
(0.40 mmol, 0.050 g), 2 M aqueous NaOH (0. 162 g) and acetone (0.50 ml) were placed and stirred at 0°C for 1 h. The pale 
yellow precipitates were collected with suction filtration after removal of acetone from the solution under reduced pressure. 
The crude product was purified by recrystallization from hexane and CHCi3(3: 1 v/v, yield 65%). 

l U NMR 5 (400 MHz, CDC1 3 ); 2.23 (12//, s), 2.25 (6//, s), 3.45 (6H, s), 6.80 (4//, s), 7.16 (2H, d, J = 9.2 Hz), 7.92 
(2H,d, .7=9.2 Hz) p.p.m.. 

13 C NMR 5 (75 MHz, CDCI3); 21.08, 21.69, 56.84, 112.64, 125.31, 125.70, 129.06, 129.60, 132.79, 137.66, 138.74, 
139.18, 158.30, 198.80 p.p.m.. 
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IR (KBr); 1666 (C=0), 1608, 1512, 1460 (Ar, naphthalene), 1271 (=C— O— C) cm" 1 . 
HRMS (m/z); [M+ H] + Calcd for C32H33O4, 481.2379; found, 481.2386. 
m.p. = 531.5-535.0 K. 

Refinement 

All H atoms were found in a difference map and were subsequently refined as riding atoms, with C — H = 0.95 (aromatic) 
and 0.98 (methyl) A, and with U~ 1S0 (U) = 1.2 U e JC). 



Figures 




Fig. 1. The molecular structure of the title compound with displacement ellipsoids drawn at 
the 50% probability level. 



Fig. 2. Intramolecular C — H—O interaction shown as dashed line. 



[2,7-Dimethoxy-8-(2,4,6-trimethylbenzoyl)naphthalen-1 -yl] (2,4,6- trimethylphenyl)methanone 



Crystal data 

C32H32O4 
M,- = 480.58 
Monoclinic, P2\ln 
Hall symbol: -P 2yn 
a = 7.71685 (14) A 
6 = 29.2344 (5) A 
c= 11.5567 (2) A 
(3= 102.879 (1)° 

V= 2541.57 (8) A 3 
Z=4 



F(000) = 1024 

D x = 1.256 MgirT 3 

Cu Ka radiation, X = 1 . 54 1 87 A 

Cell parameters from 38210 reflections 

6 = 3.0-68.2° 

|i = 0.65 mm 1 
T= 193 K 
Platelet, colorless 
0.60 x 0.40 x 0.10 mm 



Data collection 

Rigaku R-AXIS RAPID 
difixactometer 

Radiation source: rotaiting anode 
graphite 



4657 independent reflections 
4131 reflections with I>2a(I) 
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Detector resolution: 10.000 pixels mm" 1 9max = 68.2°, 9 m ; n = 3.0° 

co scans h = -9— >9 
Absorption correction: numerical 
(NUMABS; Higashi, 1999) 



45450 measured reflections 



£ = -35^35 
/ = -13— »13 



Refinement 
Refinement on F 
Least-squares matrix: full 
R[F 2 > 20CF 2 )] = 0.041 
wR(F 2 ) = 0.121 

S= 1.09 

4657 reflections 

334 parameters 

0 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[a 2 (F 2 ) + (0.0645P) 2 + 0.653 IP] 

where P = (F 0 2 + 2F 2 )/3 

(A/o) max = 0.001 

Apmax = 0.26 e A~ 3 
Ap m i„ = -0.26 e A" 3 

Extinction correction: SHELXL97 (Sheldrick, 2008), 
Fc*=kFc[l+0.001xFcV/sin(26)]" 1/4 

Extinction coefficient: 0.0065 (4) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , convention- 
al ic-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > g{F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, ic-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II- *ITI 


01 


0.95452 (13) 


0.10635 (4) 


0.36709 (9) 


0.0395 (3) 


02 


0.76176 (14) 


0.18514(4) 


0.40208 (9) 


0.0422 (3) 


03 


0.77613 (16) 


0.00902 (3) 


0.40754 (9) 


0.0468 (3) 


04 


0.79237 (15) 


0.22810 (4) 


0.69327 (9) 


0.0442 (3) 


CI 


0.77923 (17) 


0.08017 (4) 


0.49609 (12) 


0.0308 (3) 


C2 


0.76256 (19) 


0.03309 (5) 


0.50610 (12) 


0.0358 (3) 


C3 


0.7396 (2) 


0.01203 (5) 


0.61097 (14) 


0.0427 (4) 


H3 


0.7273 


-0.0202 


0.6153 


0.051* 


C4 


0.7356 (2) 


0.03912 (5) 


0.70604 (14) 


0.0438 (4) 


H4 


0.7187 


0.0254 


0.7772 


0.053* 
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0.0301 (7) 


0.0292 (7) 


0 0325 (71 


-0 0001 (51 


A AA/^A 


U.UUJo J 


C2 


0.0391 (8) 


0.0315 (7) 


0 0362 (71 


0 0001 (61 


A AA7T 


U.UUZ4 (0 ) 


C3 


0.0519 (9) 


0.0318 (7) 


0 0440 (81 


-0 0024 (61 


A A 1 AA 

U.U1UU {/) 


A AAQ 1 /AA 

u.uuy 1 [p) 


C4 


0.0529 (9) 


0.0416 (8) 


0 0382 (81 


-0 0021 (71 


A A 1 1A {H\ 

U.U13U { 1 ) 


A A1 TO 

U.UIZo (0 ) 


C5 


0.0389 (8) 


0.0414 (8) 


0 0342 (71 


-0 0010 (61 


A AAOO f£\ 

U.UUoo (0 ) 


A n/ic 1 f/r\ 

U.UUj 1 \b) 


C6 


0.0581 (10) 


0.0502 (9) 


0 0340 (81 


-0 001 5 (71 


A A 1 CT) (1\ 


A AA^7 

U.UUj / yp) 


C7 


0.0535 (9) 


0.0515 (9) 


0 0342 (8*1 


-0 0009 (71 


U.Ulol ( 1) 


— U.UUJ4 (oj 


C8 


0.0353 (7) 


0.0374 (7) 


0 0372 (71 


-0 0014 (61 


u.uuy/ \p) 


A AA1T f£\ 

— U.UUjZ (oj 


C9 


0.0286 (7) 


0.0321 (7) 


0 0324 (71 


-0 0006 (51 


u.uuoz yp ) 


A AAAA fZ\ 

U.UUUU [p ) 


CIO 


0.0289 (7) 


0.0330 (7) 


0 0318 (71 


0 0000 (51 


U.UUol [p ) 


A AA1 1 

U.UUJ 1 pj 


Cll 


0.0344 (7) 


0.0234 (6) 


0 0349 (71 


0 0007 (51 

\_f . \J\J \J 1 y w/ 1 


A AAAT f£\ 

u.uuyz (0 ) 


U.UUUj (j J 


C12 


0.0383 (7) 


0.0258 (6) 


0 0321 (71 


-0 0053 (51 


A AAT£ 

U.UU /o (0 ) 


A AA1 0 ( \ 

U.UUjo (j J 


C13 


0.0527 (9) 


0.0300 (7) 


0 0351 (7) 


-0 0083 (61 


A A 1 1A f£\ 

U.U1 3v {0 ) 


A AAA/^ ^/^^ 

U.UUUo (0 ) 


C14 


0.0721 (12) 


0.0388 (8) 


0 0333 (81 


-0 0163 (81 


A A 1 OA f"7\ 

U.U1ZU ( I) 


A AAT^ ( £\ 

— U.UUZ j {0) 


C15 


0.0599 (11) 


0.0436 (9) 


0.0397 (8) 


-0.0170 (8) 


A AA^l /''7\ 

— U.UUD3 { 1) 


A AA£1 ^'7^ 

U.UUoj ( I) 


C16 


0.0405 (8) 


0.0410(8) 


0 0508 (91 


-0 0075 (61 


A AAA*7 /'*7\ 
— U.UUU / { /) 


A AA7A /'Ti 

u.uu /y 


C17 


0.0364 (7) 


0.0298 (7) 


0 0386 (81 


-0 0059 (51 


U.UUj / (dJ 


A AA^Q 

u.uujy yp ) 


C18 


0.0335 (7) 


0.0264 (6) 


0.0334 (7) 


0 0027 (51 

\J .\J\J ^ 1 1 


A AAQA 

u.uuyu (0 ) 


A AAT 1 

— U.UUZ 1 [p) 


C19 


0.0354 (7) 


0.0276 (6) 


0 0299 (61 


-0 0009 (51 


A A 1 A^ fZ\ 

U.UIUj {j ) 


A AA 1 1 /^A 

— U.UU1 1 yp) 


C20 


0.0391 (8) 


0.0301 (7) 


\j .\j j'-wj yi) 


U.VJVJ 1 J ^ J ^ 


A A 1 1/1 

U.U134 (0 ) 


A AAA 1 f£;\ 

U.UUU 1 {D ) 


C21 


0.0471 (8) 


0.0257 (6) 


0.0383 (7) 


-0.0007 (6) 


A A 1 7A 

U.U1 /U (0 ) 


A AA 1 1 

U.UU 1 J (j J 


C22 


0.0411 (8) 


0.0336 (7) 


0.0352 (7) 


-0.0060 (6) 


A A 1 A 1 ( &\ 

U.U14/ {0) 


— U.UUoo (oj 


C23 


0.0345 (7) 


0.0368 (7) 


0.0359 (7) 


-0.0008 (6) 


u.uu /y (0 ) 


A AA1 0 

— U.UUjo \b) 


C24 


0.0358 (7) 


0.0301 (7) 


0.0300 (7) 


0.0002 (5) 


A AAOA 

u.uuoy [p ) 


A AA 1 7 

— U.UU1 / (Jj 


C25 


0.0571 (10) 


0.0264 (7) 


0.0514(9) 


-0.0004 (6) 


U.UUo4 { 1) 


A AAA£ ^/^^ 

U.UUUo (0 J 


C26 


0.0659 (12) 


0.0492 (10) 


0.0612 (11) 


0.0019 (9) 


A AA c 1 /n\ 

— U.UU5 1 (y) 


A AT 1 1 /CA 

-U.UZ11 (0) 


C27 


0.0612(10) 


0.0424 (9) 


0.0512(9) 


-0.0043 (7) 


0.0262 (8) 


-0.0096 (7) 


C28 


0.0904(16) 


0.0686 (13) 


0.0539 (11) 


-0.0208 (11 


) -0.0208 (10) 


0.0034(10) 


C29 


0.0332 (7) 


0.0397 (8) 


0.0472 (9) 


0.0016(6) 


0.0105 (6) 


0.0059 (6) 


C30 


0.0392 (8) 


0.0314(7) 


0.0456 (8) 


0.0026 (6) 


0.0051 (6) 


0.0006 (6) 


C31 


0.0489 (9) 


0.0403 (8) 


0.0551 (10) 


-0.0114(7) 


0.0151 (7) 


-0.0115 (7) 
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C32 0.0467 (9) 0.0338 (7) 0.« 



Geometric parameters (A, °) 




Ol— Cll 


1.2155 (17) 


02— C18 


1.2133 (17) 


03— C2 


1.3624 (17) 


03— C25 


1.4217(17) 


04— C8 


1.3600 (18) 


04— C26 


1.4279 (19) 


CI— C2 


1.3895 (19) 


CI— CIO 


1.4297 (19) 


CI— Cll 


1.5111 (18) 


C2— C3 


1.405 (2) 


C3— C4 


1.360 (2) 


C3— H3 


0.9500 


C4— C5 


1.410(2) 


C4— H4 


0.9500 


C5— C6 


1.414 (2) 


C5— CIO 


1.4357 (19) 


C6— C7 


1.353 (2) 


C6— H6 


0.9500 


C7— C8 


1.407 (2) 


C7— H7 


0.9500 


C8— C9 


1.3873 (19) 


C9— CIO 


1.4418(19) 


C9— C18 


1.5100 (18) 


Cll— C12 


1.5051 (19) 


C12— C17 


1.408 (2) 


C12— C13 


1.413 (2) 


C13— C14 


1.395 (2) 


C13— C27 


1.504 (2) 


C14— C15 


1.385 (3) 


C14 — H14 


0.9500 


C15 — C16 


1.382 (3) 


C15— C28 


1.513 (2) 


C16— C17 


1.394 (2) 


C16— H16 


0.9500 


CI 7— C29 


1.509 (2) 


C18— C19 


1.5102 (18) 


C2— 03— C25 


119.24(11) 


C8— 04— C26 


118.92 (13) 


C2— CI— CIO 


120.10 (12) 


C2— CI— Cll 


112.84 (12) 


CIO— CI— Cll 


126.90 (11) 


03— C2— CI 


114.59 (12) 


03— C2— C3 


122.87 (13) 


CI— C2— C3 


122.51 (13) 


C4— C3— C2 


118.13 (14) 



(9) 0.0070 (6) 0.0081 (7) 0.0027 (6) 



C19 — C24 


1.4020 (19) 


C19 — C20 


1.4085 (18) 


C20 — C21 


1.388 (2) 


C20 — C32 


1.509 (2) 


C21 — C22 


1.390 (2) 


C21 — H21 


0.9500 


C22 — C23 


1.387 (2) 


C22 — C31 


1.505 (2) 


C23 — C24 


1.3923 (19) 


C23 — H23 


0.9500 


C24 — C30 


1.5115 (19) 


C25 — H25A 


0.9800 


C25 — H25B 


0.9800 


C25 — H25C 


0.9800 


C26 — H26A 


0.9800 


C26 — H26B 


0.9800 


C26 — H26C 


0.9800 


C27 — H27A 


0.9800 


C27 — H27B 


0.9800 


C27 — H27C 


0.9800 


C28 — H28A 


0.9800 


C28 — H28B 


0.9800 


C28 — H28C 


0.9800 


C29 — H29A 


0.9800 


C29 — H29B 


0.9800 


C29— H29C 


0.9800 


C30— H30A 


0.9800 


C30— H30B 


0.9800 


C30— H30C 


0.9800 


C31— H31A 


0.9800 


C31— H31B 


0.9800 


C31— H31C 


0.9800 


C32— H32A 


0.9800 


C32— H32B 


0.9800 


C32— H32C 


0.9800 


C19— C20— C32 


122.29 (13) 


C20— C21— C22 


122.09 (13) 


C20— C21— H21 


119.0 


C22— C21— H21 


119.0 


C23— C22— C21 


117.98(13) 


C23— C22— C31 


121.37 (14) 


C21— C22— C31 


120.65 (13) 


C22— C23— C24 


122.10(13) 


C22— C23— H23 


119.0 
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P/1 TTQ 

C4 — C3 — hi 3 


1 in n 

izu.y 


p-> r~"-> tji 

Cz — C3 — hi 3 


1 in n 

izu.y 


C3 — C4 — CD 


1 n m / n\ 
1ZZ.U3 (13) 


pi P/i O/l 

C3 — C4 — hl4 


i iy.u 


Cj — C4 — hl4 


1 1 n n 

i iy.u 


P/i nr p/- 

C4 — CD — Co 


iin /in /I i\ 
liy.4y (13) 


C4 — CD — C 1 U 


1 Ifl CO / 1 1\ 

izu.jy (13) 


p/l nr Pin 

Co — CD — C 1 U 


1 1 n m /1 a\ 

ny.yz (14) 


p-7 ( ' f ( ' Z. 

C / — CO — CD 


n 1 nc / 1 /i \ 
Izl.yj (14) 


P*7 / • /; ii/' 

C / — Co — hlO 


1 1 n n 

ny.u 


CD — Co — hlO 


1 1 n n 

ny.u 


{ • A P*7 PO 

Co — C / — Co 


1 1 o nc c\ a \ 
llo.yD (14) 


{ • A P*7 I I "7 

CO — C / — hi / 


1 in c 


PO P*7 I I "7 

Co — C / — hi / 


1 in c 
IZU.Z) 


pi a po pn 
U4 — Co — CV 


i i /- n/i /1 1\ 
110. U4 (Iz) 


P/1 PO P*7 

U4 — Co — C / 


111 C1/11\ 

121.32 (13) 


pn po p*7 
CV — Co — C / 


111 11 f \ A\ 

ill. 55 (14) 


po pn p 1 n 
Co — cy — C 1 U 


1 1 n i£ c\ i\ 

ny.zo (12) 


po PQ P 1 Q 

Co — CV — C 1 o 


11C 1 C 

113.33 (IZ) 


p 1 n pn p 1 o 
C 1 U — CV — C 1 0 


11C QO /I 1 \ 

123.30 (11) 


p i pin f ' < 
CI — C1U — Cj 


1 1 C/i ( 1 1\ 

1 10.30 (IZ) 


p 1 p 1 n pn 
CI — C1U — CV 


1 i£ n / 1 i\ 
120.13 (12) 


pc pm pn 

cd — c i u — cy 


1 1 "7 1 1 /1 0\ 

1 1 1 .5 1 (12) 


pi pii rn 
(Jl — CI 1 — ClZ 


111 11 /1 1\ 
121.21 (12) 


A1 P 1 1 P 1 

Ul — CI 1 — CI 


1 1 o m /1 i\ 

iio.yz (12) 


pn pii p i 
Clz — CI 1 — CI 


iiy.4/ (ii) 


pi*7 rn pii 
CI / — Clz — C13 


1 1 n /^n c\ i \ 
1 ly.OU (13) 


pi*7 rn pii 
CI / — Clz — Cll 


111 in /i i\ 

122.3 / (12) 


pii pn pii 
C 1 3 — C 1 Z — C 1 1 


1 1 o m c\ i \ 
llo.UZ (13) 


pi/i pii rn 
C14 — C13 — Clz 


1 1 O £1 P c\ 

Ho.03 (ID) 


p i /i pi -i rn 
C 1 4 — C 1 3 — Cz / 


110 11 /1 /I \ 

110.13 (14) 


p i pi 1 PT7 

Clz — CI 3 — Cz / 


in 1 n /1 a\ 
123. iy (14) 


p 1 c pi/i rn 
C 1 J — C 1 4 — C 1 3 


111 CO / 1 C\ 

122. 3o (ID) 


PIC p 1 ,/| TT1/I 

CI j — C14 — hi 14 


1 1 Q 1 
1 10. / 


rn p i /i tji yi 
C13 — C14 — hl!4 


1 1 O *7 

1 lo. / 


ru p 1 c pn 
ClO — CI J — C14 


I 1 *7 cn C\ A\ 

II /.jy (14) 


p i /: pic P1Q 

CIO — CI J — Czo 


111 1 0 /" 1 o\ 

1Z1 . IZ (lo) 


pi A P 1 C P"> U 

C14 — CI J — Czo 


1 1 1 1Q / 1 "7\ 

izi .zy (i /) 


pic ru rn 
CI J — ClO — CI / 


111 ^n / 1 £\ 

izz.oy (io) 


nc p i a uu 
CI j — CIO — hi 10 


1 1 0 *7 

1 lo. / 


rn ru uu 
CI / — ClO — hllO 


1 1 O *7 

llo. / 


n /: rn rn 
ClO — CI / — Clz 


110*71 pi yl \ 

1 lo. / 1 (14) 


pi/: rn rin 

cio — ci / — czy 


1 1 ^ nn /1 a \ 
1 lo.yy (14) 


no ri*7 

C 1 2 — C 1 7 — C29 


ii/i in i\ 
124.30 (12) 


02— CI 8— C9 


121.68(12) 


02— CI 8— C19 


120.87 (12) 


C9— C18— C19 


117.39(11) 


C24— CI 9— C20 


120.01 (12) 


C24— CI 9— C18 


121.45 (12) 



PT/l uoi 
C24 — C23 — HZi 


1 1 n n 

i iy.o 


ptt pt/i nn 


110 OC /1T\ 

116.63 (12) 


/t>i n< 

C23 — C24 — C30 


1 1 o /:n 1 1 t\ 
116.00 (12) 


pm n< P'lA 
C 1 y — C24 — C30 


1TT CC /1T\ 

122.55 (12) 


PTC TJTC A 

— C25 — H25A 


1 nn c 

ioy.5 


PI PTC TJ1CD 

Uj — C25 — HZdd 


1 nn c 

ioy.5 


mcA ptc uncD 
H25A — C25 — H25r5 


1 nn c 

ioy.5 


P.1 PTC UTCP 

Vi — C25 — H25C 


1 nn c 

ioy.5 


UTCA PTC UTCP 

HZD A — C25 — H25C 


1 nn c 

ioy.5 


TJTCD PTC UTCP 

HZdd — C25 — H25C 


1 nn c 

ioy.5 


p/i pt/: ut/: a 
U4 — C2o — H2oA 


1 nn c 

ioy.5 


p.^1 pt/; tjt^d 
(J4 — C2o — H2oh5 


1 nn c 

ioy.5 


ut/: a pt/: UT/:r> 
H2 OA — C2 0 — HZ OD 


1 nn c 

ioy.5 


r\A pt/; ut/:p 
U4 — C2o — H2oC 


1 nn c 

ioy.5 


ut/: a pt/: ut/:p 
H2oA — C2o — H2oC 


1 nn c 

ioy.5 


UT/:r> pt/: ut/:p 
H2Dh5 — C2o — HZbL, 


1 nn c 

ioy.5 


PIT PTT UT"7 A 

C 1 i — C2 / — HZ / A 


1 nn c 

ioy.5 


P1T PT"7 TjmD 

C13 — C2/ — HZ /B 


1 nn c 

ioy.5 


UT"7 A PTT TJT7D 

HZ /A — C2 / — HZ ID 


1 nn c 

ioy.5 


P1T PTT UTTP 

Cli — C2/ — H2/C 


1 nn c 

ioy.5 


UT"7 A PT"7 UT"7P 

HZ /A — C2 / — HZ /C 


1 nn c 

ioy.5 


UT7D PTT UT"7P 

HZ ID — C2 / — HZ /C 


1 nn c 

ioy.5 


P1C PTO TJT O A 

C 1 5 — C25 — HZa A 


1 nn c 

ioy.5 


P1C PTO TjnOD 

C 1 J — C25 — H26hs 


1 nn c 

ioy.5 


UTOA PTO unOD 

H25A — C25 — H26rs 


1 nn c 

ioy.5 


P1C PTO UTOP 

C 1 J — C25 — H26C 


1 nn c 

ioy.5 


UTOA PTO UTOP 

H26A — C25 — H25C 


1 nn c 

ioy.5 


UTOO PTO UTOP 

u26ts — C25 — H25C 


1 nn c 

ioy.5 


pit PTn UTn a 
C 1 / — C2y — H2y A 


1 nn c 

ioy.5 


pit PTn UTno 
C 1 / — C2y — HZyB 


1 nn c 

ioy.5 


UTn a PTn unnD 
H2yA — C2y — n2yts 


1 nn c 

ioy.5 


pit PTn UTnp 

CI / — C2y — H2yc 


1 nn c 

ioy.5 


UTn a PTn UTnp 

H2yA — C2y — H2yc 


1 nn c 

ioy.5 


unnD PTn UTnp 

H2yhs — C2y — H2yc 


1 nn c 

ioy.5 


pt/1 pm UTn a 
C24 — C30 — H30A 


1 nn c 

ioy.5 


PT^i PTn umD 
C24 — C30 — H30B 


1 nn c 

ioy.5 


UTn a PTn umD 
H30A — C30 — H30B 


1 nn c 

ioy.5 


PT^i PTn UTnp 
C24 — C30 — H30C 


1 nn c 

ioy.5 


UTn a PTn UTnp 
H30A — C30 — H30C 


1 nn c 

ioy.5 


umD PTn UTnp 
H30B — C30 — H30C 


1 nn c 

ioy.5 


PTT PT 1 UT 1 A 

C22 — C31 — H31A 


1 nn c 

ioy.5 


PTT PT 1 UT 1 ID 

C22 — C31 — H31B 


1 nn c 

ioy.5 


UT 1 A PT 1 UT 1 O 

Hi 1 A — C3 1 — Hi la 


1 nn c 

ioy.5 


C22— C31— H31C 


109.5 


H31A— C31— H31C 


109.5 


H31B— C31— H31C 


109.5 


C20— C32— H32A 


109.5 


C20— C32— H32B 


109.5 


H32A— C32— H32B 


109.5 
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C20— CI 9— C18 
C21— C20— C19 
C21— C20— C32 

C25 — 03 — C2 — CI 
C25— 03— C2— C3 
CIO— CI— C2— 03 
Cll— CI— C2— 03 
CIO— CI— C2— C3 
Cll— CI— C2— C3 

03— C2— C3— C4 
CI— C2— C3— C4 
C2— C3— C4— C5 
C3— C4— C5— C6 
C3— C4— C5— CIO 
C4— C5— C6— C7 
CIO— C5— C6— C7 
C5— C6— C7— C8 
C26— 04— C8— C9 
C26— 04— C8— C7 
C6— C7— C8— 04 
C6— C7— C8— C9 

04— C8— C9— CIO 
C7— C8— C9— CIO 
04— C8— C9— CI 8 
C7— C8— C9— C18 
C2— CI— CIO— C5 
Cll— CI— CIO— C5 
C2— CI— CIO— C9 
Cll— CI— CIO— C9 
C4— C5— CIO— CI 
C6— C5— CIO— CI 
C4— C5— CIO— C9 
C6— C5— CIO— C9 
C8— C9— CIO— CI 
CI 8— C9— CIO— CI 
C8— C9— CIO— C5 
CI 8— C9— CIO— C5 
C2— CI— Cll— Ol 
CIO— CI— Cll— Ol 
C2— CI— Cll— C12 
CIO— CI— Cll— C12 
Ol— Cll— C12— C17 
CI— Cll— C12— C17 
Ol— Cll— C12— C13 



118.50(12) 
118.83 (13) 
118.81 (13) 
-179.58 (13) 
2.5 (2) 
-175.05 (12) 
0.71 (17) 
2.9 (2) 
178.64 (13) 
177.08 (14) 
-0.7 (2) 
-0.8 (2) 
179.44 (15) 
0.1 (2) 
-178.31 (16) 
1.1 (2) 
-2.0 (3) 
-159.31 (14) 
24.5 (2) 
174.71 (15) 
-1.3 (2) 
-170.79 (12) 
5.4 (2) 
8.21 (18) 
-175.61 (13) 
-3.44 (19) 
-178.55 (12) 
176.19(13) 
1.1 (2) 
2.0 (2) 
-177.33 (13) 
-177.62 (13) 
3.0 (2) 
174.28 (13) 
-4.6 (2) 
-6.08 (19) 
175.03 (12) 
-104.69 (15) 
70.72 (18) 
68.13 (16) 
-116.46(15) 
-141.06(14) 
46.28(17) 
40.34(18) 



C20— C32— H32C 
H32A— C32— H32C 
H32B— C32— H32C 
CI— Cll— C12— C13 
C17— C12— C13— C14 
Cll— C12— C13— C14 
CI 7— CI 2— CI 3— C27 
Cll— C12— C13— C27 
C12— C13— C14— C15 
C27— CI 3— CI 4— C15 
C13— C14— C15— C16 
C13— C14— C15— C28 
C14— C15— C16— C17 
C28— CI 5— CI 6— C17 
C15— C16— C17— C12 
CI 5— CI 6— CI 7— C29 
C13— C12— C17— C16 
Cll— C12— C17— C16 
CI 3— CI 2— CI 7— C29 
Cll— CI 2— CI 7— C29 
C8— C9— CI 8— 02 
CIO— C9— CI 8— 02 
C8— C9— CI 8— C19 
CIO— C9— CI 8— C19 
02— CI 8— CI 9— C24 
C9— CI 8— CI 9— C24 
02— CI 8— CI 9— C20 
C9— CI 8— CI 9— C20 
C24— CI 9— C20— C21 
CI 8— CI 9— C20— C21 
C24— C19— C20— C32 
C18— C19— C20— C32 
CI 9— C20— C21— C22 
C32— C20— C21— C22 
C20— C2 1 — C22— C23 
C20— C21— C22— C31 
C21— C22— C23— C24 
C31— C22— C23— C24 
C22— C23— C24— C19 
C22— C23— C24— C30 
C20— CI 9— C24— C23 
CI 8— CI 9— C24— C23 
C20— C19— C24— C30 
C18— C19— C24— C30 



109.5 
109.5 
109.5 

-132.32 (13) 
1.36 (19) 
-179.99 (12) 
-176.01 (13) 
2.63 (19) 

2.6 (2) 
-179.89 (14) 
-3.2 (2) 
176.61 (15) 
-0.2 (2) 
179.99 (15) 
4.0 (2) 
-176.53 (14) 
-4.53 (19) 
176.88 (12) 
176.08 (13) 
-2.5 (2) 
-126.39 (14) 
52.54 (19) 
50.95 (16) 
-130.12 (13) 
-127.50 (14) 
55.14 (17) 
54.91 (18) 
-122.46 (13) 
-2.66 (19) 
174.97 (12) 
-179.48 (13) 
-1.85 (19) 

3.7 (2) 
-179.37 (13) 
-1.2 (2) 
179.04 (13) 
-2.5 (2) 
177.31 (13) 
3.4 (2) 
-177.05 (13) 
-0.79 (19) 
-178.34 (12) 
179.71 (12) 
2.15 (19) 



Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

C29— H29C-02 0.98 2.33 3.1669 (19) 143 
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